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== (54) Title: NITRIDE SEMICONDUCTOR LIGHT EMITTING ELEMENT AND LIGHT EMITTING DEVICE USING IT 

= (57) Abstract: A nitride semiconductor light emitting 

element being enhanced in light picking-up efficiency 
and capable of a high-output light emission, compris- 
ing, formed on a substrate, a first conductive-type layer 
(1 1), an active layer (3), and a second conductive-type 
layer (12), wherein a third nitride semiconductor layer 
(5) of InAlGaN functioning as a current constricting 
layer having an opening (41) is provided between a 
first nitride semiconductor layer (4) and a second ni- 
tride semiconductor layer (6) on the layer (4) within 
the second conductive layer (12), and an electrode (20) 
and a window (40) or a translucent film (30) provided 
in the window (40) are partly provided on the surface 
of the second conductive-type layer, thereby enabling 
a large quantity of light to be pipked up from the upper 



to 

T— I 

00 

to 




S S S SM Ob 

Sg Liob 

- <<< <r <~10b 



surface. 



WO 02/103813 Al IIIIillllllllllllQIIIllllllillllllllinil 



(57) mtto: 

ItfeSInAlGa N<£>SS 3 <3g{b$l¥^{Wf 5 >Wtt ^ 2 

atBfcttU MlCii2 0i:ISP4 0fl<ll 5SW4 0lClRtte>;h,;fc3S3tet£ 



WO 02/103813 



PCT/JP02/05998 



1 

w m m 

L<teInN N Xli:tlb!0»fe5l I l-VMmk®¥mfc (In b A.l 

cGai-b-cN, 0^b v O^d. b + d<l) &m\t^tc$gftm*. ^tmc m 

m^-v^^, ^f/K^^a^ yt&%amw:, ytmrnmrn, %-? 

t A ;<*e i? =. —;V(D%W, is: if \zm V ^ h ti Z> mftm^ I- Mi" 5 0 

^"y^^s 3fe*j/ M7 — ^&af©3fe*U rV-x^W ©Stag. AT* 



WO 02/103813 



PCT/JP02/05998 



2 

nil, fgte®. pMS^^S^tLT, pli^ltSititoii 
±ffi«^^#v^!^ft©3fe^WWi-5^tl«]^4«)3ll■^■^^3S^oTV^*: 0 Sfttl 

p SJiSM£>:£®m^ p Si t "eii, p. n t^.grt*[6]^© 



WO 02/103813 



PCT/JP02/05998 



3 

15 $i1-5l*;^t>J&&;ft-C^5;d$ N El 7DK^tJ; 5 l£> nMJi&fl&© nm^Srig- 
ttJBSBffiSrHi?,*: 5 fcRW\ H7 A©Wflfx?»4ISttJi«)fe*rW«K:n«fli^ia 

25 IPJcDlH^ 



WO 02/103813 



PCT/JP02/05998 



4 

t«f 5^i, ^c^2^^s i 2cdji^ s 4 o m v < ttm 

m2wmmm±.m\zis\,^x, mmt^^^Km-f^^tx\ m 

m-Fwmki-z>z tx% '&*<Dmfcm*mfc^%m*K^t>frz>m% 
&mmzm£±m*m<>xm2m , mmm^iz.Wiifz>m&k z ag^tt 



WO 02/103813 



PCT/JP02/05998 



5 

^ft»fflO»lOt*2 0#, Ifttlit-ifcSi^t, ^<Z>±£, lift 
^tv«^^(-^t" ; 5^2cDm®2 EI 3 5 KiKtt, 012B, 

1 2C|!l^n5^ !&2<Z>«fli2 2^1 l©ti2 OilJil^^J;^^ 

Uitsrtt, >— h$£in;cD/jN$v^ 2 om® 2 2-etot> ««E*ja5rtli*5 



WO 02/103813 



PCT/JP02/05998 



6 

Si 10D— |FP*rBtti$*^:*ttJ®2 s (l i s) ^^tSitfcit), &8 
fct}ffi<D_h&C s p n^gp, « L < fi^tti 3 i: ^ ©±©I 2 ^111 1 2 lrt 

f&m<Dmm2 1 m&nzmnx 5 ^ =eu-< ttoasflOBi 5o~i54c 

PIP Ufc«ffiaMKT!&o-ci> J;v\ 

* ^ io±^j;p nft^w so, ^ l < tt^its km 2 mmmm t *^ts 
u t *g s §i5 -e$si&-r s c i «t 5 sfrs-ifcB&crfcfls-et 

So JtfrWlCttH 1 » 13, 18, 2 6, 2 8^if(OTtJ:^u, fl^5 1© 
-fill® 1 5 0- 1 5 4 fcl&^Ts **»E*P« 5 iSRIt btbfc^ffit?*) t) > ffi»t 



WO 02/103813 



PCT/JP02/05998 



7 

vam^m iw »* b tb s r t k. «t o #j x* # s „ 

nttittft*5. <o es p *p-3^ s a£&5 1 <owm i 5 o~ i 

fiMffit^V^T, ^|3T^i^<s Mftj^iPtSli^I^^ [1117, 
«fc 5 jfeffilftSrW £i*IHHianz:J£KI bfcF^^®F^^fe#< cDSij^TJS^-gB^ 

::-e, unit ^mcD-mmmA^^^ytm^^y^^-i-m^ 
ft&nm (mi 7 a) t, i 1 7 Atfcit 5 ^s^tti L^t^^ 

ft£mm (01 7 B) fc^tt^t'fcS, @17B«fO*ift^t2 3a N 
Hrfi-C^S'^-^^«:lfibfclS*2 2 a tt % ^ti^frjg 3 ©mil (fl©tl) 



WO 02/103813 PCT/JP02/05998 

8 

a, bf3, H 1 7 A^V^T, If! 1 #SH>Jf <9«@, ftfctf^Tj ^^M^M 

mt>tlX^^0 , 1^2 4 fc:#**bfc^«Bff, Wttfl 5 1 c-CI±. 0BP«0 4 1 
^-imsjcfgP LTV^S r t Sr^bTV^5 0 £fc, |18lt El 1 7 <b |H#Hc, 
5. ^^^y^©— *» (Hi 8 A, C) h ^tWl5^#HJtfcI 
SSW&^H (IH18B, D) 018.A, Bi, I2118C, DklZMte 

io * hv^y^ejU^^^^^^-r^h^x^^o hiisb, 

D^^^y^^SrJfibfellJ® 2 3 a , 3 0alt, il 7Bt^f}^, ^tlftl 

ifeL.fc«a«2 2 alt p n Affile tf>7*4 y^KOiiMLttt-feS. 
12117, 18, 2 6{C^-r£5(-, *>fV^'ii2 2^>iTT}-^n$15 4 1 
15 £rl£ttftV^£, T pn^®t*5^t, !S22©t22a (12 

2 a) b&nto(D&ki>smft<bt£^£5\znffim^m&i&j&irz>zk'v. mm 

WS:Mbtii^$t5it-SSt#S 0 gl8Dm fS*£3 0 

a (40a) ^B?<^t«ffi2 3#M$il5o 017, 1 8ff^ f 1© 

^30ii23^ioit^^h i-^^-fe., 3—^s>*tts Ssmifctt 
«;tfc«^ (20t2 3i:M) £, * 2**S»fcm*#te*fc«Ei-5Jg 

< «^<Dia^^*5v^mi^mMJi± t> t^2^mMii^^-Y y T*£#/h£ 



WO 02/103813 PCT/JP02/05998 

9 

17, l 8 J: 5 t^^Rft e>Jifc««t»* 9 tfc0l2B(^t±5 
MPgB4 l fcS^b-flc. -ecoj^ 5 s iia^HtfJ; 9 Mt5ii (019 

A, 119B) T*. llfC^S^^tb^KP^-^tb^^^bT, mtl^£«9m 
S119C, HI 1 9 DiZTF-TX $ P ng^®<Dl£j^t;i:JoVNT. 



WO 02/103813 



PCT/JP02/05998 



10 

(D— mzMtez*. ? t-> nm 2 o £@a®i-5 n ^.-e, c^ip wa^s 

112 0 £ 5 :tt v i©J;? ^m^SS^j^ t KZJ&Wi 

OMR. — v ti&ft-t 5 ««Ei£«c @ ft dig 2.©ii £ mm^fe+tfi Jfe if 

$54 1 a Hi ©Itffij&lX (4^3 <DW&2 3atl, p nM5 0 ln'-ft 

« «ia (c » o r mm&mm £ *i fe^at t t? # N a k w q » p»g 

S»4s69»c««EW:tfe«r*5i"e#5. JUfrftfciHU 11 1 8 A, l8 Bfc^ 
I©1S2 1 £ O^I-^^!3io«bOT*fc5. =MfclHJl£te\ H 1 8 tciaH- J: 5 



WO 02/103813 



PCT/JP02/05998 



11 

s^itsriffcSo z<Db%, &&iffl$5 iv>'J>te< bh-U&&tt 

t?x o ^mffi^mzwut, -r&fr^ iraf-gip-rsiifiR^isf-t-f^ 

ItSt, «flffia*e><0&fr"ftft.&!) ttiU^ii,^^?^ LV\ CtU3, 11117}- 

Sfcfe, ^(D^yf^f y^B^Iit?. J: 5 ^*'-/v<7)^ (*D*5<t^: 5 Q a m 
~10 0Mm</>) J; 9 t>;*:^&®^^U ^^Kj^^joV^-Cfilf^tt^^ 

WM^Mii^i-sa^iiis^^a-r^- ttfhZo r<7>j;9^ M 

HI® & ft ® t ft Z> m-Bic & ®J3 T? # 5 o 

fk#J^2»#:Jl^, 4tc^b b bC0A 1 *I n y Ga i-x- y N (0<x< 1, 0 <y< 1, 

x + y^D &&fcm«?^Jft ur*iet?$»* LV\ * 



WO 02/103813 



PCT/JP02/05998 



12 

5 mwm (.km) ^t^h^ss 3 com^m^mwrn^ <o i i im<om 

H^-C^5o ^rft:^)^«. In, Ga. A 1 fa h ft 5^ fejlJR $ tb5 I I I 

10 

f£ff®Hlo 

mm-r sm^rn^m, 
25 m 0 



WO 02/103813 



PCT/JP02/05998 



13 

Ho 

m i 4« s *&w<D—mMmm*mmirzm^mwm&wmmmm*^wi- 
5 z>±wm 0 

mi 6ii *^p^<7?— ^jfi^^B^-rsm^iffsi^o 

(ni9«, ^?g©-»i(^§ip^i«t, &Tm«^£t& 

15 tfjfo&mtilo 

H12 2^ I2J2 10A-A' i|to^T©i^i®io 

m 2 3 in 2 2 (DWr~mm(D— u^^^x^-r^^m^mo 
20 i24«, @2 3 <d— u^^-r^^wfmm 0 

@2 6il #3§PJ£> — «^M^^PJi-5¥®HlAi:s p{fUim«:B. 
25 12|2 7fci\ 02 6 (DA-A ' ^^OV^Wm^BfElilA, B-B'^lCOV^T 

(D^tKf®i2iB, c-c 'iu;iov^<Dm^8fr®lnc-efo5o 



WO 02/103813 PCT/JP02/05998 

14 

io m.m-fz>-m^&}ti:¥-mmxhz> 0 

y£mw<Dmk^mw&ftm^izm\<^mm*mfot Lttt g & n, a 

IN, tKUInN, XlZZtlb<Dm£hXhZ> I I I -V^S»¥»^ (I 
15 n„Al,Ga,«*N, Olx, O^y, x + y ^ 1 ) X&> 9 , £fc ZtlfcMx. 

X. I I I IfcytM b UTB^rfflV'fc 5 , Vljcii LTN(7)-||!^P, As, 

;rb-C^5 0 ^»^frS^-ffiV^SnM^Mt»i U-C(4, Si, Ge, 

20 Sn, S, O, Ti, Zrf©IV^ 3=f L- < fi V I Mtu^ SrffiV'* <5 CI £: 

t, ^JKliSi, G e , S n&, £ b^ftt^* b< {3 S i 3r£H^o * 
fc, pm^fm^ltVXit.m^m&^tl^^K Be, Zn, Mn, Cr, M 

25 (MO 

SEilfl tt?)t77-1'7, ^tf^A- (M g A 1 2 O 4) o£ p^feM^S, S i 
C (6H, 4H, 3 CSrgtfK ZnS, ZnO, G a A s , Si, Xt/M-fc^ 



WO 02/103813 



PCT/JP02/05998 



15 

1° ~0. 5° % ^^U<ttO. 1° ~0. 2° CD^HT\ ^^T^VH^e: 

JO^T, ^MO^^tts 5K«-1©»10*EB (HID *L<«^2©± 
ffi± (1212) K:, 1 0 ZmV2>M&k IT, ff2«mMJf 3c®, «t»:6> 



WO 02/103813 



PCT/JP02/05998 



16 

(ftffi 4 0) 



WO 02/103813 PCT/JP02/05998 

17 

2.mmmm i 2^dp$p^^^t%a< % m 3 ctd^-ri ? kl, ^2^tsn 

2fcHf],g&£fS:tt-C*> «fcV\ ^fc, gc£(5 4 0^^-r5^3fettK3 0 £l^fcLT 

5 11112, ia, i 4&£*ic^-r£ 5 m v locimt^it, i$.m<D® 

(HSp£&4i) ^^-ra^i-e, ?£1£Ji®ftT% 3§?fei« % ^^SAft^ 

1»##£^7t^i££T-#, ^^^^-tJc^ii-T. ^S^- b^^^ 1 ? iti-r*at 

10 JKftM 0 <bmM^e^Ji 5 OUPfM 1 icDP#tCjoV>-C, HI 1 3 B \z. 

pni^®5 0|C v 1^4 0 0^ iP|f(5 4 l^^gftS- 

i^I5 0ift Ift^lcttSttlil, 3&L< ft^&S ®£*gU 
;©®5 0WMHi4 0, iPf 4 llr(5lJlil^^t5it-C\ ffi 
15 ft\Z.^(D&*:^Z>^ k&X% 5 0 5§ig|54 0, |SPgP4 1^)ff^, — ^(310 

v>Tfi, Hi iSrfflv^KMt5. Jfe*lifc'MnaJ0>4fett\ il 1A©I It^ 

m) titfrz-tw*. l< fit i ^i-i: ? ^ N ^$p<d^ cm 

tfcej-f-5<b N m 1 IB, c\z.m-Tiio\^, m.W.<vmnn R:*fLT, 

io^is ^ssj^t^ik (mi iB), io(Dmum^vxmm 
(om,^mnxhA< (mile), 1 o©iq^i^ux 1 o©^^u 

-f-3McO|IS« IXIt 1*U, (n^l), (l**n) [nte 

— §|3^z:*5v^-r io<D§gRgp^*j-u~atifc£>M, %}<D$$ft\z.£>^x^mm<Dffl P 



WO 02/103813 



PCT/JP02/05998 



immm^m 5 > 

me t(Dffl\£&tfz>mum^m5fc, Mn§&4i (mmmmus b) 

^fgftbn^tOX-fc 1 ?, ^W|J.^«!r Lt«, A 1 x I nyG a i-x-yN ( 0< x 
5 <1.0<y<lsx + y^l) T*35 £ (^3(D^»^ 

mWM) tfcJfcx A 1 G a N^b^Sm^^Jf^bfrTV^^ 

5S»KI, = HJBfcttU A 1 u G a i-uN (0 < u ^ 1 ) fcJSl^ 

»5^Jifc:Al I nGaNO'4 te^Is ilr.ffi V N C i: "CwC5Pp^S^tIh]^^?^n ft 
^lirlt, I n £ A 1 iSr-^tfa-fbtt^SfrSrffiV^sr. ^ "C, I n Sr^tf r 

C <D £ # % f& 3 0&fb4fe¥aft#J| t tT»S L < 14, A 1 «&J$Jfc x & I nil 
Itff^K, In^tfCtia^ A 1 £»c J: S*N&tiiJKfc 

5 0 I©il, If^U^Inll^ltyiLTtt, 0<y^0. 3 1?&t). 0. 



25 3 i!) I nMifc^§<t5r,!:ia5Ini:Al©5f5»JL^aBtt 

£ fcfiPS L < 0. Ol^y^O. 1 ofSffl 
fc-TSrfcre, 0. .0 lRJii-rSCfc-C, _h3zSLfc I n^ft5-iia 

toH^Ktt, 0. 0 2^y^0. 0 5^1it5^it% I n 



WO 02/103813 



PCT/JP02/05998 



19 

JfiT3&*$:#3Sfc3l#tiJU 0. 0 t-T^^tX\ I niAl i:©SJeSr 

1 0 nm^_Ll tlmUT<ommt U L< fi 5 0 nm&±2 0 0 nm£lT 

©iiits^ <br% ^0^itf B tt-c\ mmm^t vx&m^m-tz hot 
#5, ^fc, nmm^m&s mitek'^Tzo^m-mxm-j&ztix^xh 

^itT't5o I^t^Ittv E14A~4D, i2 5A~Dl^fJ;5C, M 
iW*X-ilTt^ -^^18£^tT (HI 4 A, .2 5 A). iP|P4 U 

(B4B..25B), m^x, m 2 (Dmih^mw-m 6 tz^&mmv (134 
c 2 5 c), m2*mMii^±i-, mam^zifoisxm^ myt^Wkzotm 

1 wm^2 0 %$?>ft&)\^J&f&-fZ> (EUD, 2 5D)„ £fc, %l(Dl&m t It, 
1^4 E~G, M2 5 E-Gl^^irJ: 5 fc N % 1 Comtm^m^M 4 feflgB (® 
MiM5b, KngMi) eiSttT (04E, 2 5 Eh OTSl^S 5 {MM$k 
a) £j«£*-Cm#)&^ (04 F, 2 5F), |2©»¥lfrl6 
5 TF^fii: VXh £V\, 12)4 E — 4G, 2 5E~G©fit1i, 
W5 (mttltgf$5a) if2Witt»|6 

tS3;&^&5/c&, |214A~4D, 2 5 A-DCOmMKlt^X. ^flS^ 
#-<#3fc#K #£L< «|SI4 A~4D, 2 5A~Di^fj:p^ 
J15^PP$|54 1 ^ttX^2cD^«^*#:ii6 ^^S$-&5^S^^V^5. 

mnU&mt L-cti, ^^^m i cDm^M!21i-*3v^i:. Unfits 

IqH £ U L < ft 1 m^_t 5 ,U m&lT«il £ U £ b l-^^ b < « 2 

±mz P m<Dm<km*mfcm&mmLtcMmti-zm&izio\,^x, P mm, m 

£f5£r 1 0 u m*Mz-X*Z < J£if T^, HI 2C0lHt'W^^ici^i-J; p 1^ p| 



WO 02/103813 



PCT/JP02/05998 



20 

®5Ufcb<Dt LT%&< ^ A 1 G a N4if©A 1 fc^tr$fc*¥*fWi*:# 3 
J^r-S^V^U— < Srfljffi tt, A 1 G a N, A 1 Nfc^f© 

*±Iti&ft5wtT?, A 1 Sr-g-iffcteKB^SfWl (a l iftiBftJB) 

^ ^ 5/ ^ ^ ^ $ij # S ^ ^ ^ ^ ^ ^ h ^ituit^sri^, 

*fc v A 1 £"g-ip^»¥#&H (A l ffiftAJI) ^tHA l-i6AJfc 

»^a»#Ji (a i ffig&AJI) k*>©-a i m e e B it(D/h$v>siJ(D^{b;#)^^ 



WO 02/103813 



PCT/JP02/05998 



21 

*ftw<fi&ytm*x.*o\,^x, »iotft»^i#i, m 2 (Dmitri ^m^m 
m2(omm^m^mt^ m$mvm.$,xib^xb£<, mftz>mj&xh^ 

it-rst, matin t^oitt^tts: it\ -^^w^g, 
^^3fett«^:tv^. nm;t&t(D&Mt£=i hmt lt, -en^etv 

~FM%: I n.G a N£i-3*&£>teM\ -tn* «9 I n?li!J£?)/.h£V> I n G a N 

^MfctTft, InN, GaN, A 1 Nf L< <!: 

©la^J^TJ^ftpM-fk, HS^^pM^ y T##fcfta«faK:"*>S># 
^U<, Al G a Nit5 K=¥> ■j;^/^- frmfrfDmf&fcit^X 



WO 02/103813 



PCT/JP02/05998 



22 

^<^M#t-*5V^T, ®^^<Z)/h^VNA 1 G a N & ^S-M^^te. $fjl(- 
v/^a^^l/dfi— ©/Jv£v\ GaN. I n G a N^I 2 ©tftll^I ^ IT, 

I nG aN^ffi^5t ^O^JtX • &&ifi&t*<D I n ftV^bfe^^ffc 
^JfctfcUT^ ^^<^5fl[^tfc5- 1 !:^6> ^U< li^STwit I n 

^fc. wtbbm»^S^Jili. Tilt ©S^bt^¥«fi^ 

m-j&&m tf£%%2 <Dmk& ^mvfm w«® t/j:5i3o mtm^mw 
m<of£&&it£ <o m^istiz ztichZo jt^ifticte, ±ta^*u^^^-efe 

5 I n A 1 GaN^D47C^ H B H ^b^^^3^^«^^S^^V^T. 
Ti&Mk UTft, InGaN, A 1 G a N ft iTO 3 tg&Hu IKftGaNC 



WO 02/103813 



PCT/JP02/05998 



23 

3 0SMb4fe^i»fleJi4:4 5n»fti:i-S ^ UT 4 5n*Biit&«®-f-5 r 
i<M$ti^wi, y — ^m^^ifc^Ht ft 9 £*JftmSlEI&JtJ14: It© 

SilOlW^f^i^I nGaN, A 1 G a N if <D 3 tc'Ms ^ U < fi 
G a NO 2 5^11 £-f" 5 & ^ Ga NtffeS £ - tl b <D*&fifctf> ipT? o 

i fc.*£At£&<?£j£T?t, AlGaNTifcSiStti, ^FlfcCflT^t^ 

cDUfc}c:Samuxt 5 ^;< % ftflcWfctt, IE! 5 iJi^i-J; 5 ^ild^^Sli 
8fe*JBfc:*^T., Tl5A^Tiia, _LJ1 5 B 3 ©£{fc*J¥*#Ji 
U-Cs T%Ji*^*ttK:ttJlLfc«2^*jIi:-t?#S::fctt:V'»5*-e , t>JteV\ 

■T5 - t fclRltRtta**^, |2 0l«^llrrnGaN, AlGaN 
*^©35caA, fiG a N<75 256ilfti:t5- £zW£ L< , rtbfci 

InGaN, GaNKoV^tt, ±.1BJP 1 O^blfc^frJi i 
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IJ^ttaci:, -T^^-b, 3 75^*11 (InGaN, AlGaN), 2 5cift 
£ (GaN, A 1 N) ti-S-tT% 
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\/\ 0* tv^ K— ZfAt Ltfi, lX10'7cm 3 ~lX10 !o /cm ! , £ 
£>fc£P& L< ttl X 1 0 l8 /cm 3 ~5 X 1 0 'Vcrn'OilClttS. 1 

<ii7 5 AutTi-T-sr t^?i&.imJ¥&T£-e# % £ U< }± 5 oAgl 

* < , #ijx.«A i ^temtm^mw (a®) ttttt 
(a/1) iinmiwt* (Bji) t&nfi-z&mwt. 

So Affclft^fiv AlxGai-xN (O^x^l) / lnyGa,-yN ( 0 ^ y ^ 

15 IK :©tl^7y Kilt ITi^^tSCIi, x>oat^m^ 

M.wm^pmwk%Lt ttii, m2^mM<wf£^ (K-^yf) ^ s 1x10 

ir^t?^ UV\ ^#M&»g<*>-hPBfc ttli, lX10 21 cm 
25 X 1 0 20 cm- 3 mTtr^^ iT^^fBt4^^^(-^U-C^*■^S^«^-C 
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i^Sro^M^^c 2^^^ (c 2> c 1, &^U< I±c2>cl) it5l 

mm ltii^i ©ttfitts: iRi-b. $ ^ * fc««sawji^)^3tt*ifcik3te £ & 

2©iftWi*ii^, ^KiTJi-c&SSfli ©fc-ffcfciNMM^fe. ©^2^ 

L<te, l3©lWI#lrtt, f 2 ©^iifelg ± n f 1 

GSftffl«S3 0) 

d 2 =l/ (411.), flln 2 = (nm 3 ) (1/2) 

0, (*r L < ttftflc^Jh) 1 0 O^mm^^fh^fh, m* ns 

WWfflv^^ U-< W:JilBJfe««, ftW-fMHasfflV fetus. 01, 
is, i6ic^v^r, cOj^Ffi 5 l (DWft&W? J; 5 fc> mfe|ftjM* % Bffi&flg 
a»fefcS»3tett««rJgj*1-5 IE*— »om«M«:ilft*-rSffi»S&ifc» 
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£.W£&*-Xmm-r2> z b&x% ?> 0 *»Woa3tettfflt»ic:*i,K:|R^$jL-r^ 

tch<Dbj£Z> 0 ID 9 tc^-T J: 5 ft, $£%m=?- 

2 0 0 £m^fciil*ft^^3£3te^Stc:JoV^-C, 8 9 A, B t^ti b t^M% 

3; 5 fc, i t) £C«5StA £;ftfc£|-it£fl# 10 0c ^JSv^cB^*^- 

ItiWlO.O, !)-Kitt50l, W&BLHm} 5 0 2. y^ft5 

0 3, ^$5*^5 0 4, fi\-Um,m5 0 5, X# (5 0 6, 5 0 7), 1*5 0 

tMlOl P *U fttt i: OR! (c^^-f- 5 gfldtt^VfrJi £ ft 5 

■fcSfc:, H§Pgfl4 1 0±ti2©i«^l6, $btf±I 
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*«atSrSffl-T5r tfc-C#5. AfrWfctt* @3B, 3CWJ:9^ S 

TKHse-rsji (2) t &mmvizg>mist'£ lt n mn&^-rs&ta 

^c7^*iSc£Jf (2) *S^ttJi-5^^"C— 5- t(^<t ?>> il3ClC^i- 
i9W©»4 0WU &lHSK::fcv^ft_bJI#S (1) ifttK mil 
2 0^>^*®* s ^*UfcBRO»tUffii: ^5Ti (2) £ £ 1"5 0 * 

fci3BWJ;?Wtt5i^«^ TI (2) #*tiJ1-3«S-e«*5 

t3^*i-5w^T% SJ*lSK:*5V>-C*m« (*-Uf) 3 S T« (2) 
fcftO, «i20O^S (*JUf) tt, Ji» (1) 2:fc3*3ifcT?#5. 

Jf (1) a*&gfl4 oofiit t, ii2 0©Mill _tfa-§P^*^.J; 

oiiULfcTi (2) *jk±mt\sitmmm&b-i*%Zo z<»t%s mm2o 

CR**« i o ) 
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#*BI§ fc*5^-C\ RMM 1 0 £ Lt, ^.frWldttA 1 .G a ,-.N 
(0 < a < 1) 3&»fe*5*^©l^*5«fc*^»bfc-^Jl«JlSr^fife-r5. 
lOi^ #f©iJ¥d^, d = ^/ (4n) 

Al.Ga.-.N (0<a^l) A»bft5Alt, Al«Gai-,N ( 0 S £ < 1 s 
Jl&iSfr-Ck «fcV^ 0 HI 1 iJl^i-.J; o lC N AH 0 a, BS 1 0 b fcifcSttfjMS 

Ail, Bioi^i%^#<t5it^t'#, l*Rto*L(QBUttm&B&£ti 
5 C ^Wfcfct, A m^tfeitO^ (a-j3) Sr. 0. 3 £X± t f-5 - i: T* s f£ 

G a N££H^5^ £ UV\ Ajf/Bjf &A l G a N/A l GaNifS 

i:, a i ^temkm^mmz-kz?? ^ (Dm^r^mt^^tK b«^g 

aNi:lt,Ai, BM%:$iK\cmSirZ> k'X\ B Jf^£1-3 d t T:\ A 
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• mnmm) 

5 ynz.&mm<D&mm& a = i/ (4n) N tu, esf^o^^sw^ 

SHTTi0 2 , ZrOz, HfO., SczOs, Y2O3, MgO s AI2O3, 
SiO !( T h F 4> L a F 3 , MgFs, LiF, N a F, N a 3 A 1 F 6 <D|*|CD 

m&mfr&fritx , ^mmmt vtcRMm^m-r^o »*.b<«, sio 2 , 

T i Oz, Z r 0 2> Z n O, AlsO«, Mg O, /f !?-f 5: K**— Bg. L 
§5o. K*#JlG>*t**W\ _hfS^PSbf\ Au, A1 N Pt, Rh^if© 

20 (%&) 

sm^T*&9, aatettmsfc u-ct>a<, urt> ±v\ 
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l 3 ftifKi^-r J: 5 fc:. % l (nnM 2 o Jht^ISij- b*i> J'^t-^i'T-fy^ 
**5^-s/ KfESi JfcSo £fc, l3©iS2 3(4, £ l <D«Jg2 0 

So 

mi <£>m*i2 osr^tfsr tx-rroi ? 3&*3t#^#f,H5. r. r x% mi 
©li2 0i±, S3fctt*1i2dtLTtJ:<., If^^:t< tT, hfitt 
bfc^FDfelT fc o X % «t V n £ b n V * o £ -Cfc -t£ V \ 

I2©li2 2lt El 1 3O^ft0 % HI 1 4 A s HI 8 A, H 1 2 0_L 

m3(^mtl2 3^{t5it2)Wtt^o Jg3 (55^12 3 fi, 012B', 12 
C(C^i"«t 5 l-> fl©ti2 0 il 2©ti2 2^i^tiiL, Sfc 

sgi^s^ o ku£-<t»— Ms^co/b^i^t it, m 2<om^2 2^b 
^m^^r^^^fcim 1 co«^s 2 0 {ce^s m 2 *mM«^® 7 s cdm^ 
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-o^{c. man. 3g=L< ttfcSB.SrffltfJ: 5 tc, ^rOjBIRftafi^ 
g^«^^i$l£&AT*#3/^kT?fc3o ^±co^3 <^m^2 3 ©gHfi(c:P 

^•teUytfejRlCiBitb-C fc«tV>i £teV^? *-Ct>J&V^„ fg3CD«^2 3 

i3 ft£lc^-r.fc 5 Hi 2 0 ©JhK?gj5fc£ft-54&'a-tel8J££;ft 

5fc©tli4<, I 2 1'tlSSffi 7 s |I| 3 ©^i 2 3 ^J^^ Ifcf, -etb 
%S 5 i 5 luf 1 ©li 2 o L t , ±&LifcftUB3S#e>;h,3fc:ab % £ 

OJ; 5 &^flBk^*:ft3 »iK SfcaJ?^^ y^(DiiT*S)5l2 © 

ii2 2i^M^b i2Oli2 2^Il©Ii2 0±l:I 

rTC t*ST*# 5. ^ffcftjfcitt, EI l 2 B <b l 2 COiv>tfc t> , Jfrft, HSp£|5 
SrB^SUSrHtf J: *£S5:Mo^3 <75m^2 3 fcKtfT 4>A< (012B), 
*¥*lRl(^oTi3©li2 3feK»j"rt) (012C), l£t£lH8lK:ffi;ft;fcm 
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1 fi^^m 1 ^mm^ t a— s y^ftS^oms-cfeo. «i2 4«!7^ j r- 
^^©^^ Ktg-e*5o me>©Bii^-r«t 5 {-> ib^is 5 1 

plt, das 5 1 ©ja ■? &m&£ ? K.m 1 3~i 6£**-r*ste % ^txt 

5 l ^ffcli^bfci; 5 ^ffm^feiA-Cfi, ±fB^ 3 cDfl;^2 3 <h|^I^(c N * 

(D-mw&^x&m^xmm^xh£^\ ^tubcDnmmmt-tzz. tx\ m 
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2 2lt 01^1- £ Sic; t£blFP 5 1 -Hc^fC & < N iiK^^LT, 

i N Au v W, Pt, T i , Rh N A1 N Ags IrftifiSifeS, 

ZcDfcft, 010 \ZL7ik-t£ p ^g|54 0 irMlhg&W 1 0 0 fc£>JS#fsp* ^ b 

m&mm£to&m&\zft9mm<ottmtM±mtt<DUi&, t commit <o, m 
-/v kw) i o o mytvkffim t ut^^^« ( i . 5 ~ 1 . e ) N 

J/J) (1. 4~l. 5) fc^as—JttttfcJBv^fena (jggart^a^f 
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t h^fTZ i><DX*& D . I n,A 1 „G a i-x-,N (0<xgl, OSy< 
l, 0<x + y^l) ^^ixsmfc^^^^^ixSo l»liln, 
Gax-xN (0<x£l) ^^V^riT% b "SJtf^fcilfc 

I n x A 1 y Ga i-x-yN (O^x^l, O^y^l, O^x + y^l) Xfo !9 . 
^IKllIn.Gai-.N (OSx^lK Al»Gai-,N ( 0 ^ y ^ 1 ) 

#3g0§<Z>3§#|pH4C:fc^T, »©IWl5a (10 5a) 0»q»4 
1 G§i&£B5 b, 10 5b) Sr5firi-S3gffiT?-tt, «SEasiB#iWtcftX**L«* 

3§}fcJi (#FS) fcfflV>5 I n-Sr-S-tfftft****^! nJiariixtt. 
L< teO < x ^ 0 . 3£-f3<t, HJSW-^-f £ 5 tettJ^JteffifrLfclSftat 

-LIB I na^tSfflT-««M^i|^P(C*D^5*^-tU^#tt^ y 

=t y x-f— tint, HEffi*^btJ:^3v>r^r^Ui:3tesiiiRi^&5fc«>-e*>*„ 

C<&££©3&#8fe:£tt\ 8f*Utf~#6«3fc-T?*> 5\ 3 6 0 nm~4 7 0 nmfiO 

ft-fS^S (3 6 0 nm~4 2 0 nm) t 1~5 r. X* b fa 
^<Dt%<Dl nG a (#FS) © I n JMJfc x t Lttt, 0 < x ^ 0 . 
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(Tmm i 2 ) 

s»s lis ^tti3, m2mm,mm i z^mm^titz.m^mmt, mmt<Dm 

kX*%Z> 0 tefifftft^s>7 7*fc VXMcfcm^te, Al,G ai -«N (0<x^ 
1) £^5 - t^T*£5 0 

S4k_hK:l3:ft<5T±fcJi<t Lt, ELOG(Epitaxially Laterall 

y Overgrowth) $ft£i±fc^«^>*fr, I^^Ml6 0 £*Sftt£;&S 
^0^^M^#^tu5 o ELOGl©^JttT(i, ID6{^-rj; 5 

f&s^s^^Mc (mam ^ h^-r^^^tt. ^^^v^^^g 

^b^^^#&J&*£-3:5^ tX, mmjjfa~~<Df$g:\-1]n?LX, 

iJdJ: 9 (EI6BK ^^^©JhWtefc^M&^MSfle 
^J**UTflfeJH*tL?fcJi 13b £ft5 0 ^(DttMDJ&MXte, MM^-h^^^r 
* W P SB Sr K it , * <o §§ P Ml® d> b IrJ — © j&S & 

fltfrffljfc* (elog) la^IWif, j£L< 

®^tt5t©Tfe!J, 12 6 fc^l-J; 5 fc, ^ B tt©^«A^ J^Sttro 

^^V^^A^fe^^/'^^ttO^V^^B^^^^^ltt LTfis T±te 
113 a O^fattiC^J: 5 as, 1/1 0 £*_k, £f.£L< til/1 0 0J^_h<Dife 

.1X10 lo /cm ! 0iTtfc 5., L< lilxiO'/c m 2 ^Tir^-5 ti^T 
*fcltfttt«HRv^«BK:te»t«*tfifc«5lEW:> 1 x l o 1 V c m 2 _h^_h 
£#0, fcte##V^£-fc:«: 1 x l 0 13 /cm 2 W^j;5 0 «g 
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AV^«Att, 0£ LV^Pfefl&fi b bT}i s 1 X 1 0 6 / c m 2 £Lb 1X10'/ 
3 b (6 0) ^®3gL<te; png^i5 0rt-CvMt«Ah i^PflSH 

mi&A<DjtBLbs Mnto<D&b<D&mis -t&lsfc?&&<D&bmnM<vikk(Dm 

«Rltev^r v ^»^ls*ffi^Rl«<eA^c^i#ft^^BB«fc*v^fc«^*■^^:•t•« - 

(tMB (pn^SP^tf) 5 1) 

^m<Dmcommmmt it, m i 2 ~ 1 6 i^-rx 5 ^ m%<z>m—mw 
w-tzt, mi mzmi&ttT'froxt&Ks mmx—n (&) 

1 4 A) Ic^-fj; ? !iIttT?fcotfeJ:v\'&*L< tt, IH l 2C^fj: 5 
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SiiiaSt^T-fc!), filliOfi^i!!}^)|5 1 <£>{8!|ffi % 012O 

i£^u-C:S:v^*§E-e , bo-c@Bffi-5 r. t aswiit * o . iE#«ft(ajoKHt*/h 

LTfi, Hi 2 c©»3fe«iliaiffl*ie>*fc±a5BIH:*JV^, fifths l 

3^faK:#t*fc^ffi«#&Jgj*1-;5c: *&fc©Sfoh,©»»a>& 

§B51<!;L.Tk&<. 118 ^1"J; 5 lc, h 9>T ^^tfbSB 5 1 SrttftSk 
SIT, 1" p ng^ ^HtLTfStfT, 

f±^n»c«ftwi-«^i-«EjiftT?t>oTm*wic»^u^jR-T?as>oTt> j;^. 

*^»c*5V^-C, -ttt^S^^i^SrS^frfcl-S^gp, III PttJSrRlfr S^irR: J: 

Tt.(H^©j»*|s»2:»a^S4tt**Sit!:#tl J 5i£li«|J«it5 lh ^l7-f7 , tt^ 

Mv^HlT?^1-®4j6Sr 1 o«^t b-C^^< N JcV^Wt?t3*1-«!«£ 1 
l<on*k tttJ:V\ £fc±5£bfc «fc 5 fc* P n^-a-|F|5d^if$tLT> 5^ 

L tm%^ k 1- 5 £ £ t -C t 5 o 
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$mtez> i v izi&f&'rz^b&mwvtcdK ctb^±iea^m^5 

l ^^Dxfc 3#oH#>^c:o^^T^TtftPJi-'5o @il±, iH l 2 fcfctt 3 a a^o 
btb? > il^^^i-'b(D-efc?) 0 fgi x m i 6 te&U 5 i (DmMi,, 

TF©*3fett«i»3fc4fefTi:©ta*^*f4, ±3* bfc<t 5 fc£3S3feJfe*tf* 3 6 0 

Ca, Ba, Sr, Z n ti* bMtii 1 ««r£tPM"T?ft* £ fr57nPit £ , 
<HMn, Fe s Cr. S n £> £ *L 5 1 SSr-^tpM' "Cft^ tbSTC^ <t 

T*&9, £l9Jr^tC{^ (Mi-.-yEuxM* y ) io (po») 6 Q 2 -e^£tb5i£3fe 
ft (fcfU MfiMg, Ca, Ba, Sr. Zni»blft^5/>/f < i t lg 
<t N M' ttMn, Fe, Cr, S n biliR $ < b h 1 S t , Qfi^n>r - 

>7C*<^F, CI, Br, iib>t>&&.&tiZ>'J>te< khinb&fiTZo 0. 0 
001^x^0. 5, 0. 0001^y<0. 5tfe5) $ L 

< f±, (Mi-x-yE UxM' y) io (P0 4 ) 6 C1 2 (fcfcL, MftMg, Ca, Ba, 
Si, Zn*»baW^*tb5^Jfe< fcfc 11^ M'liMn, Fe, Cr, Sn^b 

5iiR£*i54>&< 1 imb&^fi-2> 0 0. oooiix^o. 5, 0. 000 

l^y^O. 5-e*>«.) T*&6 0 CtUCfc!^ 3 6 OnmW©Mi|T'^ 
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3 6 0 nmR±©i^illt .big Lfc «fc 5 til, 3 6 0 n mg±4 7 0 n m&T 
mR_h4 2 0 nmJiiTOt'SHT-fcSo 

io-ctuf^>^< t t-w^tfts 2u±<Dmyh*-<? h/u<vfamitfrfM& 

ZftXteZZth^IitXlbZo ^ft\z.£y&ft&<DWn&&m&ll5&ibftZ> 0 £ 
BufEit^W^PX-T, B aMg 2 A 1 xe0 2 7 : Eu, BaMgAhoOn 
: E u, BaMgAhoOn: Eu, Mn , (Sr, C a , Ba) s (POO 3 C 
1 : Eu, (Sr, Ca, Ba) io (P0 4 ) .Ch, SrAhO^Eu, Si4 
AIhOzs: Eu, ZnS:Cu, Zn 2 Ge0 4 :Mn, B a M g 2 A 1 i e O 2 1 : 
Eu, Mn, Z n 2 G e 0 4 : Mn, Y 2 0 2 S : E u, L a 2 0 2 S : E u, Gd 2 0 

2 s : eu, fabmiR&tiz>&te< ti> mfo^mn^, m^tmw^m^^^t 
■kx%, >9, m*tem?/tfrmbtiz> B £btc ik%mw<Dm.^t>^b 

UTte, HUl3l:»ff^P^T, (M.-xEux) 10 (PO4) 6 Q 2 T*t$^5f)fc 
#)S^^"-rS (fcfd'U MliMg, Ca, Ba, Sr, Z n biliR £*L5'>ft 
<thimt, Qfi^n^VTcmOF, CI, Br, I frbm$L£ ft t 
%li^ft?i. 0. 0 0 0 1 ^x^0. 5, 0. OOOUy^O. 5t«fc 
5 = ) ktf), HUfS^»®^Px.-C, (Mi-xEux) 10 (PO4) eC 1 zXm£ftZ> 
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i&ltm'X (fcfcU MteMg, Ca„ Ba, Sr. Z n tlZ'Ptl: < t 

tll^fte. 0. O-O0l£x£O. 5. 0. 0 0 0 1 <ySO. 5Xfo 

*fSMK:*3^T, HI 2 0, 3 0, 3 2. 3 3 ft if Kl^-f £ 5 M> MM 19 

r £ &X£fc& UV^ 0 JrfrlftMte, HI 3 0. 3 1 ©^S^MRl^i-J; 5 lc % 
3 0 1 (6 0 1) J&ftJi t L/T, Tifeil 313 (613), *1 ^« 

111 UtTnI«fW3 0 2 (6 0 2),-jS't« (S&ftJI) 3 0 3 (6 
0 3), i2iiI112tLtpIg3 0 4 (6 0 4) -Sr^iB Lfcflfjtfc:*,*^ 

•c, ^;}±^3 l 6ji^-b*-T'fe5B2^mMJi^® i 2 s tcfo^ 5 : 3te*:tt-efr < , 

±j?GL^ (omm*$>9, m^s t*©i lttn 1 ion— ejfc-rs^w:, # 
itsfeiofi, sft^itowa!), sits nijff^^T' 

^rtSPSreiRUT— Wtt^ftJfcBJt?) W*tbTV^fc 0 L^U4*S6>, 3^l*)g|5 
"F&itT^fc. frifftb. fSf^fliite 1 0 M mfl£<£>il§IJ¥T?fc «9 , fK^lft (JK 

&±%<, ^omt/vif&m^-MmofcZim (mum) \zm-rzm^ mzo 

112 s#|$jK:tt£retR£--£-5[B(&$&l 9 0 ^tt^^iia 9, m*ftM^ 

<Dit<D%L<o m^m, mz±%^<DftJ5L<o mu%}m*n#>z> t&x£z>o 
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#3§PJ<E>0fl£l|F|5l 9 0 tt x E)3 0 A N B, CK&-T£ 0 fc. M 6 Oli^. 

<D_b«^$-&fc^k^^Ji6 i 3-6 0 4 i<D#®^is:ttbtu5 J: 5 

M 3 0 CM^-f £ p J&AifO^Ji 613-6 0 4 ^Dflifh^ 1 

9 0if5ii^t 5ii Sf^MIKiPfltMi 9 o £IStt51t^cte N 

mfcUbftbti, $ <b ^ l < s^^^M^^frw (g 

IMT'feott, SiC, G a A s , InPWipIC, ^fc^^J; «9 & 
26D, 03Ol^fj;?H, JRSBJt L <' tt««©^*t, #{-^O^p§]£%it 
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1 9 3 & : &&£ftZ> w tfrn^ LV\, JMfrttfctt* 1212 6 D, 3 0K:*5^T, 
OO^P 19 1. t> U < WtiDiSlJ 1 9 2 ©±B5« (ftSIStid) 3»fci!,T*- (DMmm<D 
*fR]^/±l5ft^fR] 19 6 KL3SfXi-5*lR]-efe5iiS»* UVn ( 1 9-1 B „ 

19 1 C)„ £fcM 1 9 3 Mbfcft£|5 1 9 4 (ft^^ligSP 19 1) £ 
Mt^i^lili, ftflll 9-4^^-IrJ^, ±|3*^[bJ1 9 6 £3£Xl--5;friR] 
-e^>S w ij6S$f^ UV\ $b»^SF^b<tt, _b®iS!J^b^T, M;*Mn - Lfc 
■Jfc*PAU*fc % Ml 9 1 i »9l^i&<£>t£blH5 1 9 2 AHfi^Wr, m&tfZtiX^ 13 

5 J: 5 R: K#M-fffc«j£3a ; t> U < f«g& 19 4 ;*JrJ SrNtt 5 £ £ 

■ _hi&Lfcim$Pl 9 1 . tOitIS 1 9 2 0J:ffi«d*feja.*:«fifc5ZZ<0^|ft«>fS*P«« 

• KJRis^^V^*, 0 3 0 A© Sgf J; 5 (c, coagpo^g 
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#^^^u< wis aEJ*itji*«t^*snTv^i i x\ _his^ H B B ^pfete^ 

ft) ^ H B B^i5fefg;^^^5iM^^i^?> 0 
OfltMl 9 0^|-f§f7 7^7St^MOVPE(a 9, TiBK^i-fSi^ 
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(TMM 113) DflrMl 9 OI:tt5t7 7-<7it<0±^ ^y77ii: 
UT, 510tl:tlOOA©AlilHMO. l©AlGaNi^^5lSS. 

TiftSfeJ: «9 BDi£b§J5 1 9 0 d^*§/fk£ *bT N TifeS&ffiTttfitfsp^fc® £ 
^S'7 7liUtfi, A#ft|C|iAl.Gai-.N (O^x^l) -T?^$H?> 

«6<dji sr<eaj5fe*T??griJ l, 300 °c«jt 900 v^T<Dj&m.x-mm 5 n m~ 

*®tc^i- 5 ^HHdf'iA 1 &&Jfc x#o< x <it$)5:i: > ^$L<«o< 

TiiilJit UTte, AfrttfcttAl.Gai-.N (O^x^l) 
15 ©§t-fb#^*frSr, 1BIJSO. l/img±10MmP;T«t5„ GaNtf 

A 1 UMiit x ^0<x<l-CS>5ri > L<teO<x<0. s^t'Stt 1 

M^jf^^sfc^^A 1 }g H s B ^x^o. 1 si±tT% tmwtzm t x*%&3. 

20 UV\ 

ii^mi 1 (*taffi) i 1 s t&m mthui 9 

0) fcOEill, fflb<l44jim£lL JEI^L<li6 /im^ifctS; 

25 OfliOiSl 9 0 Sr#r5i;R&/S^fc»^fc:»4, Hi ig«MJf ^fct}® 1 1 s 

(nili 1) Tife/fl 13 (12 7 C0£!ftftSJ: f li 

mm<Dnmmi l £ It, S i K-^nlGaN, mm 2. 7 n rnOni^ 
(«ffi^JS) 102^, *r(EH&©nfl!]«l 0 2 a i UT, JESUS 0 . 
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3 fimOTV K — 37"G a N® s Blff4 5 0AcDSi K-T'G a Nflr^tS. 
- (fi&ttJil 0 3) 7^K-^OI no.»Ga,. 9 oNJ;t)^5#FI (5 0 A) £ N 
S i K-^b7tG a N«t 0 &&B9tm (15 OA) mt6lfo^i 

U Sfwp|lltt7yK^7'«Lr, l«J¥i 2 o oAo#i'tf#F 

mm (MQW) Sr^fife-fS- 
(pII12) I2i«II l 2(DpMSlB!l»e:, i&ttJfoJbU:* %\(omWk 

¥3»flcJ»l 04i Lt, Mg K-T'LfcplA 1 o. 3 G a o. rN^2 0 OAfI 
J&bfc^-*- y TM;&#>Jf 104ah tOltMg K-7*Ga Njf 10 41-0. 
1 m m«t5o H 1 <&SWb**N*#Ji 10 4 CD±tC N S^^Jl 105t 
bT, 7W—-7<DA 1 o.4 I no. 03 Gao. S7 N^0. 1 fi mOjRfft!^fift-f-S 0 
7«bfc®»^Jll 0 5.Sr0 2 5 A-Cl^fi: 5 fctt^«ifc»4LT!S 
PIFU4 1 Sr^J5fei-5„ |>i/n^MO C VDSJE&^H^ «9 tti bT C V 

D»ftlTS iO,i»fe45ft««l 8£a»U 37*- Ml y^77^- 
Sffrfcfc!?, 8iP«SO^tt»c«lilBli 8fc*&#«JlcBfc5feb (02 5 A), M^T, 

fMI i o 4o^^*-eii^^^uT> ftiln^iiu, B§pgp4 1 

(5 b) t«»5*M5 a ir^Jri-5«^^Jl 1 0 5 ZMfc-fZ. ^<Dm, 
mnU4H±. ®2 6 C\Z7ii1-£ 5ft* h7^/ti U £0^, Xfy^y 
4 . 5 At m, ffiPS^J 6 ^ mT|j$ U-*fcH26C fC^-f «£ 0 K p Mil 

1 2©^s> KtST7k«j|3 0til 2 2©fTW^gU 9 Kl«$fS$e 
^|FB1 0 5 a ^Atfe-r^o 

^CDHP$|54 1 ^^T-r5m«^ii.l 0 5C±IC, 2 @ <75$ft <t UT (0 

2 5CK 02Ofi[{b4fe%*#:Ji6 4r^1-5. f2©iWifl 
1 0 6 t Lt, Mg K-^plG a Nl £r 0 . 4 a* mOMJ?T*?£/&b, 
±fc, »2 3»«SUl(Dm*^fifcjii: bT,-MgSrl X l 0 2 0 cm- 3 K-^Lfc 
p + §!lG a N36»fe*5 play^^ hJBl 0 7£rJg|J^l 5 0At«f5, 

*fc±1BJ& 1 1 0 4tf2OlWi#Il 0 6 COM g 

m&ttti, I31^-t'ixi0 19 c m - 3 i:n, *fc, ^^fllafeafS^te, pi 
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u ntB®i i s (nm=*^** hm^mtami 02 s) ^ts. ^vn-c. 

2 0 Sr % i2^1II(DiW3Dl 2 s ( p S! =« * h Jf 1 0 7 CD*® 1 
0 7 s) fcl, pill 2 CD^HJ^^fciRlJ® 1 5 0~1 5 4*>P>BESil 6 0 15 ^ 
ierabfcH#©f5»3:£®5NR5 ± 5 IE* Ni (100 A), Au (1500 A) 

t &mm u @26B, m 2 7 cic/Tti 5 i o 5 a wisi^ii: 

±{C N * h7^7"t©lll 2 0 a (2 3) M^fc^t5 0 
COHf x mffi$£$.M 2 3 Offl 1 (DWMM 120ali, * h 2 n mX\ 

m^^-t X 5 K:> * h7>f ^_h^>®»in^^aj 1 0 5 a OffiJ^^^M^T 
Mt, 10 5a (DX h ^ ^jf^ffilj^fc 1 ^ mfi<lf$eV^ Y^^^f 

t©I»120a (2 3) Mng|S4 1 b;h/"CV* 

^v^^T'»±, m^^i-J; 5 FI©l3©ii l 2 2(c— ni>mts:Z> 

iptf l©til 2 0^f^$tltl^ o ge^T, nl^y^ h«^gffl 

o 2 s kitiH l WMMM l l — v^fflroigm^u, Ti (2 0 

OA), Al (8 0 0 OA) %mm-fZ> a rlLbIl v 2WlIl©t-$y^ 

zmmmmmmi is, 12 sru, sa^/c^ii (£*^trrM5 d 0 

fill® 1 5 0~1 5 4^l9Mi: UT, S i 0. 2 £j&jglU i^VNT, 111 % 2 

M^tC^-ra^-i'-V-^^xV (/^Kffl) Olt^tLT, Ni (p. 

1/xffih Ti (0. ljimK Au (0. 8jum) ^/lUT, Mt5o 

d % in 2 7 c^-tJ; ?fc> ^7fc»j® c±®. mM3=m) Wfr^mm^T, 

WMl 2 0 a Offing t£*tU 3^(OS.^l9 4A~C«$^ 

^©rtl^GjOilWlJl 9 4Att, HBng&CDS^fr^lX tem^&l 20a® 
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5 cmj&5h\s1t*&&m<D&fctfoztm# (GaN) Tfc D , "fr 7 7 f T 2£K i: g 

*&) <D#ii22«, M;#5±N»#<9A® {11 -2 0} KKfafspjfrtJfeS. 

C<D J; 5 KiLTfcfctbS&atefc^H:* ^ft&S 4 0 0 nmT\ 2 0 mA^O 
Vf#4. OVT\ ffi#21. 9mW, 1^$27. 6 % N *Hf|5jfr?$3(S 3 
10 5, 6%kti:Z 0 d*ltt % tbife^Jl t-^1-^5fett©^®pma^^VNfc^(^ 
^ftfff^Kifc^T, V f < *5t>oo, tH2m l 1 5 %, m^3»te l 

2. 5%,^f^$fil9. 3%[pJ±-T5 0 
CiblS^J l ] 

Mi^i lt, m 2 9 ic*r*-7-«afiS:f^Ki-«5. :;t*, E2 9a«:, 

15 B^6^^^^-f¥®(HT'fe9^ HI 2 9 BfiA-A ' BK^>^X<DWfSSmXh?> 0 
MMffll tm^K, It 3 0 1 ©±[^ A*/77l (SW), nMJf3 0 
3 N SttJI 3 0 3 * Lfcffe, ^Tf-^-r pfflJ^?yK!3 0 4, p #J = 

(pW^7y KJf 3 0 4) 

20 gil3 0 3©±t, TMG, TMA, T^^^T, Cp 2 Mg (»^n^^ 

ZVaL-jV*?^*? A) SrH3V\ M g 5 X 1 0 1 V c m 3 K— ~7 L-fc p M A 
1 o. «G"a o. sNct V f£Z>m 1 <Z)J1&4 OA©JBtfft?fife**-&, m^xm.Bt$:8 
OOtlCtT, TMG, TMI, 7>^7, C p tM g Srfl^M g & 5'X 1 0 
19 /c m 3 K— ybfc I no. oa G a o. 9T N «fc 9 ft£Sg 2 GDjf 2r 2 5 A<73flWCj?fc 

25 ft£ii:5 0 ^UT^nfe^iftf^SrilftOjEL, 3£ 1 4-02 ©JWT&SK: 5 o 

tez> p W^mm? 9 y KM 3 o 5 *■ 3 6 5 Atf>j||Jf:-ef!jcS£-fr5 0 

(p{&ij=<>*^ h»3 0 7) 

ScV^T, 1 0 5 0°CT\ TMG, 77^-7, C p 2M g £/BV\ M g £ 1 X 
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1 O^/cm'K^LfcGaNi^iSpiny;?^ 2 0 OA©&J¥ 

hit 3 o 7 (DmmfcWjfccDi&ttv^^f&i&f&v, rie (^tt-r^-^^^ 

^aTpiRiJ^O-^^ M3 0 yiiJ^^^^^fTVV IH2 9 1^ 
5lCnl3^^ hjf 3 O 2 (DgtW&miiiZH, mUMtiM 3 0 2 s §rjg 

*2 0 0A©Ni tAu £r-g-£p@3tet£<7> p fiijm^ 31 1 ai, xyfyfti 
!5lffl^*fcni3y^^ fjg 3 0 2©tI3 0 2 s ItfiW ( 2 0 0 A) t A 
1 (2 0 0 OA) ©11111113 2 1, -?-COn{|iJ«^3 2 1 ODjifd, Pt (2 0 
0 0AK Au (2 0 0 OA) On«^y hl§3 2 4 Sr^^fSo -t^fttHlHS 
t&5pjB«S3.2 OCOii^Tj?^-^^ y^OAui t> fc3 pflfl^y Mg3 
221:0. 5 fimXOmm^m^V, &mM*T ~— /W-£ 0 IfcWT . Mfj 1 
irlHil^ *MMJte#flff0>«l*£®fc:jg/ifcU p flfl^V hmtM3 2 2, nlll^ 
y>ttt3 1 2 b _bc0^fe^ii(D— §15^1^* LT N t}?^^ IsfffiZmiti £l£3„ 
?xAfcfy^^KLt, -S3 0 0jum#©»ft*HFfc#5. 

Mf4 0 0nm N 2 0 mAB#<D V f ^ 3 . 4VT\ 
W^JIO. 2mW, l^i^l 5. 1% JHflSA^HMSl 6. 3%fc&<5 0 

^ifefll 1 fc*5V^ gfe 10U LT, DOM 19 0 SrKttTV^fc^a&Kfc 

3feSfi4 0Onm, 2 OmA^CVf #4, 0VT\ tH^7l7. 8 mW, gy^ 
<ftm 2 2.4 %. ^-fri^^ 29. 0 % t * 5 % it^^ij 1 (Clt^T, V f fi 

0%(S]±t-5o 

[H160B3] 
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(£80 

i-7X^, iW^lCT^-TtTMG ( V ]) * ^/V^fy !> A) ££|BV\ -fr 
7 7^71^11:, GaNJ:»)45^j'77l*2 0 0 A©fflU9ET*J5&:& £*3„ 
^777Mftl, TMOW^itfeT, 1 0 5 0°C£-e_h#£^ 10 

5 0°C(£&ofck, Jjafttf^lcITMG, TV^E-^7, Vtf* V\ TV 
K-7*G a N«fc 0 ft&T*fe/l 1 3 a Sr 5 m m©U?T*^$-f 5 0 HI 6 Ki^lr 
<t5t, -e^T^il 1 3 a 6D_hfCX h7^7"ft0 7* h"? * ? &mtftl>, CV 
D^filtC £ 9 X b7^y|il6 ju m, PJPgB 1 4 ju m©S i O ? «fc <9 ftS-v*-* 1 

1 0 5 0°C^X. Ift^7f TMG X 7^-7^V>, T V K^-7°CDG a N 
J: 9 fc5«#lftjfc*JBi 3b^l5n m^JBIffTJSftg^S. 

10) 

TfiSJi 1 3 <D±IC, E! 1 (C^-TJ; 5 Kl, 10 5 OtT'W^tTMA ( h 
V *^-)VT)\s 5:~«7 Ah TMG N 7y ; E-7^^|^7yK-7 , ©Al,. s 
G a o. sN (A/f 10a). M^^TMG, 77^-7^ £ IT7> F — 
7©GaN (Bill 0 b), Sr^Slfc 3»flUl.L"t (A/B/A/B/A/Bh 

sAtJii osr^-rs. w^b#. &m<Dmm&x/ Un) t*&5 0 

(^7fe*-^*5t) RWI 1 0 SrBSjfcUfctK 10 5 O'CT'I^^tTMG, 
7y^ = 7^7^V^tS i K-/OG a N ( 3 /x m <£> n M > ^ ^ hJS2 s 

?£ttJi 3 : S i £ 5 X 1 0 18 / c m 3 K^Lfc I no. oiG a 0 . 99 N £ 9 &5J^ 
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mm (1 0 0 A) v TlsY—fCD In..aGa..i.N±») ft5#FJf t 5 Q Ah 

mm-5 5 oAo#ms?-#F^5t (mqw) 

PACTS' Kg (II 0»iji^l4) : Mg£ 1 x 1 0 20 /cm 3 
Ufcp^A 1 o. 2 Gao. »N V EJl4nm©f 3©i, Mg^l x i 0 20 /cm 3 
K-ytfcl no. oaGaa.srN, If 2. 5 nm©f 4 CD/f £ l>tf£LT, 

HI 

5 : 7> 1 o. j I no. oaG a .. .^N, 1 0 0 n m 

^i^r^JlT^ H14 {C^-fJ; 5 ^ s ^ l 8 Z^ifX ^ 5/ LT- g|5 

£&&*U 014 (C^f «fc 0 {-^ N7-f^c7)MP$P4 1 £ N if>!2 n 

2 0 0 Mmf»5„ ^6DB# N 58Pg|5 4 1«; HH^^T £ 5 f-, 

ii <d j&x mm*& a t @bm -r -5 = 

2fc*-> P#J^>^^hJl (jR2^ft{bfe¥l#i6) tit, Mg^lXlO 2 

K^tEClN i • Au ^tfSPJmS (Hi 0) ^if 2 0 n m> (jig 

3 m m. f^210/imX% gSng&4 1 coillri^ h 7 <4 ^M^te^^X 
ffi-J&-tZ> 0 mttiZittcnM*^? ? MlCWi: A 1 £r^tfnmtl2 1 Sr^l" 

£fc>fc, pla.y^^nesi-e, Jita* h 7.4 ym&(D&&4 0 fc % z 
f^f^^, fH 9 Al^^-Tct 5 fc, y - k®« 5 0 1 o^ttgR 5 0 2 co 
T*^Fut, 7i/zfM.(03&%Mm.t1rZ> 0 

mmm 4 ] 

0 2 6 0WMi2 7 (DA- A 'j»©WfS«at, B-B ' &<Z)»rBQ«it 
^yr^T (Cm) cfc D fcSStE 1 0 1 &MOVP EOKJES^^rtfU-fey h 
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(Till 1 3) ^y7 7l)Sfit, TMGC^iftt, IS^ 1 0 5 0t 
T#.x3r/BV\ T^K-^G a Nil 2 0£2 fim©||T'|f^ 5 0 r© 

TifiS 113 ©_fcte; 1 lit *a nmm« ! £Mi&-rz. 

(nil 1 0 2 [^litSilll]) iV.^10 5'0tt% l^)C<m»^ 
^l-TMG, TV^E-^Ttf;*, 5Fmmtf*\ZLi/7^tf*%m\s\ Si £4. 5 
X 1 0 18 /c m 3 K— :7°bfcG a N J: «9 4 5nl| 10 2^ n.®* t LT n{B!l 

(fiH4JBl0 3) Si K-7°Ga-Ni9^5HlI^5 0A©if-e 

J&*£i§:, gV^T£I^8 0 0 o CtL•t, TMG, TMI,. 7y*=7tfflV^ 
T> K-7°I no. 3 G a 0 . 7 N£ 9 *S#FJiSr5 0 AoffiU^TrEfcA £ * 5 . ^ 
LT»S+#F+»g+#F • • • • +l«li^ji[lTrl«M&4/I N #F1^3 
^Stc^jfL-r, ISKffd 5 o A<D&M**-#wm&3: !?*«?&ttJBi o 
3?r^*$^§ 0 S-S^C0±|C, TfBfc^i-||2^«^® 1 2 £ LTpSIi 

(p<aj=¥^y TBB'a«>* [ii©iw»^i4rtoig] io4a) #t 

fc. TMG, TMA S 7ls=t=-7, C p 2 M g (Is? p i?^~/u^r */ 

!7A) &ffiv\ Mg!:5X10 19 /cm 3 K-7*LfcAlo. s G a o.7Nj:!)'/j;5 

(tlpiil0 4 [il^ltt^l]) TMG, T^-T, 

C p 2 Mgl:i^^ s pMIJlr K-^°U.7tG aNiD^S^i p g(jg 10 4* 

(«^PlJfcJl 1 0 5 ) i^T/TMG, TMA, TM I N 7^-7 &R*V\ 
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7^ K-^A 1 o. 4 I no. 05 G a o. 55 Ni^j;51WI 10 5 6 0 

PlihS^ffi^PJLlh^ hy ^^Jlt-rSo ^©Igfco^T, B25(a)~(c) 

&1\ ^A^cvDgfttyn^ ^12 5 (a) K^-rx?ic mms. 

<0~^*? 1 3^P|f|5^m^PlJJiji 5 ^31^^]«*U V 02 5 (b) is^-f J; 

m^ii^§(5 5 b ^m^-r^m^, m2 7 \z.^-rx ? miMmitm 1 0 5 t<d 

■flplll04^, |<j2 0 0A©i$t'-»t6o fBc^T, (212 5 (c) 

15 -f5 0 m^put-^ h y 1 0 5 mtftm^Mi 0 5 b (Dm%m 

mffitmikM 1 0 5 a <9it>I£^ 5 ^ mt ID 2 6 C , (H 2 7 HZ^k-f J: 
^ h^^^^cDm^PJ-Jh^l 0 5a tm^tiliifPl 05bt^ 

(%2pmm im 2 (Dmkm^mwm i o si) 7^^movpe©» 
20 ^ft^ir y y u mwifc-^ h v i o 5 *jfmv±±\z., 2mmnv& 

-ft&£-*T, &lTOl2plIWf5o Sfc1\ I2pllilt, Mg K 
-T'OG a N^fe&S pilOU 1 0 6 a Htff 0 . 1 m m£>l£®:-T?7gJ5fc-$-5. 

icVNX, fg2 pSIt It, JilBpillJJi 10 6a <D_k\C ffi^cfciUl 106 
<h&5 p.lflJJiSrfiSc^^So 1M110 6«:, Tls K-7'OA 1 o. osG a o. 
25 ss Ni 5 Awmi¥-e^cS^-fr, ^V^T, Mg K — 7°©G a N<t 

t>fr5BJl£2 5 A<DKJ?T~J&:S£i4\ AS> Bil^^S^ 1 0 OtU^pigL. 

o.5m m<Dm.%r^mm*ftm-tz> 0 . 

0 7 ZftmiTZo piM=>^?? MlO 7 ft, m»t!cM 1 0 6 0±(^ Mg 
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&lX10 2O /cm 3 K^LfcplGaN^l 5 OAOllT'M^tS. 

plain mio 7 femm z>mx*h%<DX\ ixio 1 7 / cm 3 

hJf 1 2 2 0^ffilCFf3£©^*»tO^^^ £^/&U RIE (Rjfett^^-Vaty 
^fltTfpfllsW ^ hJB 1 0 7 m^h^y^^^^n^\ HJ2 6, 2 
9 iZnW=*^*? MIO 2 cD^S^mfcti^itX. ISf fifeffi 1 0 
2s«t5 0 r COB# s D2 6A~C(^tJ;5l', nMS^ttJ® 1 0 2 s 

(jp i iiinw® lis) mm^x v) s * h 7 j z?vt<DnfoMffin 105 
b(D^uf>K mm^titcpmm, m&mww iams iwm) 150-154 

10 5a flSgS!»*&*VC, SsftiliM 105b &mm&l£X\t*Z>m]£± LTV>5 0 
HI 2 6C(u^tJ:5 t, ®$5fDaiiM l 0 5 b ©{ffil® 1 5 1~1 5 3 

jsm^&v^t, ^©flflBBfcBBSUTmatiajtSfisi o 5 &*mi$£tix^z>ffi 
-g-sui 8 i^|gjj-btb, flisi so, 15 KDmun\^y^Xs ^tcom 
ffiicmn-rzmn^ 1 4 otfimf^nitm^t^^>x\f^^ 0 p 

fflS^y htt^ftl 2 2iSTO^S^l 2 2 a fi N ID 2 6 C O^t'B^ tbfc 
12.2 a, 02 7 B<75^jjftT»a*tbfc®«&l 2 2 a fc^-TJ: Mcli. 
-Ml 0 5 a*s^$^#itt*oTV>5 l , 

^T*ttp#jn hjg i o 7^®tc (m2mmmmt 2<D%kw± 2 

5 y*S*ft/B©pflMtffii 2 0 a Sr x «^iii§^l 0 5 b CMLT, jgftft 



WO 02/103813 



PCT/JP02/05998 



71 

^ -era, P mmm 1 2 0 a £ lt, n i ( 1 0 0 Ah a u ( 1 3 0 0 A) ^mi 

i-iltt, Ni/Aui^^^pllil 2 0a^f?, o CD p 

1 2 0 a (4, H2 pll 6, p{HJ = V*^hJI107 Kl^— ^ v ? 

vtmMXlhV) , K$|3^bm2^mM^*® 1 2 

s ffif*Hcfeffc£it$.fc 5 ^ HJ® 1 5 0~1 5 4^[p]«#^i±-}fcitmm^2 
3t&3 0 t£)8f % I26A, BM^i-J; 5i-s ^^^7t«^. 1 2 0 a fi. 
^h^-r^O^^ (&g&14 0) <DtfI£|tj 5 a nu ^F7^^©«gft 
12 0a C0i{>1^^3 ^mtU ^ b 7 -< ^ t mtl^^^S^^^i- 

5 0 3§3te£n noil, m^^i- i 5 ^coii:T^m^iii§$i5 i05b ^istf, 

l/<tt*tftSttl 2 0att, * b9>T^©.|S3telaJiCd3V%T — SrCDSSIfJJ 1 7 

1 12 0 -vm&gti, 12 0a Srgte-U fc 5— # COSM 1 7 

o«\ ❖Mtt*s*m*n5'J; 5»c8BP$nfc»tfci-t-5. El 2 6 , 2 

7 bi^-tj: ? p«^y nil 2 2^$ti5i«fcti,' pdHWEi 

2 0 gflfctf^&U, pfld^y Mg 1 2 2 Sr. pW=*>? * hJB&'S 1 0 
7 s COjrfcL^EfcUT, — $&£rpffi!im^l 2 OWltbfcotMLT, MM,^} 

K^iI£-fr5 D £<e>r8\ pffifl^y K«s l 2 2 36s«l:»tbix* plll^^ ^ hm 
Mm 1 0 7 s It 122iny^?^ Mi07t ^^fe $ -g-f 

fflEV^T, n||| = y^^ Hi 0 2(D8ffl^*fciiMl 0 2 s (S& 1 3! 
mM«0DmW^® 1 1 s ) .n«t*12 1ilTTi (2 0 0A), Al 
(8 0 0 0 A) LXmi$-t-Zo ^ CT% n^Jm^ 121lt nSI 1 1 % 

nllijn^^^ M10 2\Z.*"-$ y^SJttS-e-fc*— 5 y^ift^S. ri— 
5: 3^ffl*>pflMlttl 2 0a, ntJm^l 2 1 fcJgri&Lfcfc, ■iMT7 = - 
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<&w±m^. -ft£t>*>, wem&mi o 2 s> 122 a s.t/niaams?^^® 

^ci--5o *6»BI7gJ5fe#L ^TO'^SttiLfcpiltSl 2 0 a, nllSl 2 

ffl©^|u^|Cia$t5„ p«^y hlil 2 2, niajXy Mgi i 
2 4it l-t-^S'^IOigoi^ Ni (1000 A), Ti (1 0 0 0 A) s 
Au (8 0 0 OA) MUX, ^MniM^ML«t5 0 

ft&l^ &*E£r5HRlbT % 1 m<Dg:£fr 3 0 0 ju m<DL ED^y^iS, 

[Jt*09 2 ] 

Jfc«09.1fc*5VvT\ Stt«*-C«r*lfe«4 ^R«i3fc*^#ati: U »14Ji36» 

#£.BftT*fc!9. 2 OmAP#(DV f 3. 3 V, tB^j 8 . 7 3mW, l^iii 
*13. l%«LED^e,^5 0 

□fttttti 5 ] 

(fSttJS 10 3) 

S i K*-rGaNi5 4SHEje»*5 0AO«ffTrii***, tt^Tfift* 
SOOtlCUT, TMG, TMI, Tlz^-T^M^T V K-^ I ri o. , G a „. 
'Ni9 fc3#FJf S:5 0 A(D^iPT'fife^^it^ c •£ LTP»«+#F+Pt»+# 
F- ■ • • +|*B®ffi-?l«ff$r4Ji, #FS£3jf, ^StilbT, *»& 
ff3 5 0A©#M;^#F*ii<fc!? Kzm&m l 0 3 
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#<b*b53§7tSmi. myt$L&4 0 0 nmi?, ifcij&#!! 1 tdfcb^T, 1. 6 

fif£«^2 OmA^CDSif^mjE (V f ) 3. 
7V\ W^J14. 2mW, t»Pl9. 1 %"efc 9 , Jfc|fc#!l 2 Mft^T, 

<t Lfc^fS^T'fi, 2 OmAB#(DV f *SJ±;WJ2 i:fSf^fDC3. 4VT*&<9, 
tH*^2 0%[R]lUTi 0. 5mWC'feD, t^f^i^^l 5. 5«7)^cD^ 

m$t (I2illltll 1 s 1^3: 13: M ft ^ fa) ^fr^W^M; 
^bfci:C5, it^!j2^0. 7 1mW/sitfc9, itl^it-<T, 
ffl5(OmtU-±8 6%[P]_hbfc 1 . 3 2mW/s rf*9, 3: Jifg#3%#ij-Cte 
2 2%[p]_bLfcO. 8 7mW/srt^5 0 
[H»ij6] 

H;&fr#i|5k:*^T, m^^^S 1 0 5<D^ b7^7°5ytCD^P^4 1 (mstcii 
Ml 0 5 b) 3 ^m, 6 » m. 9 m t ^-ffc £ <5$Lft, HJfeM 5 

"bHSBftilf^te, *I3, 6, 9 MmC^3§ftf^#<|±i£:feVNT\ (A 
/cm 2 ) # % Wil9 5 , 6 5, 5 5 Xfe 9 , tB^» (mW) -^tb-^ 1 
3. 1, 13. 9, 13. 8Xfe6 0 £ £ =t 9 . m»fcali§^l 0 5 b (H§ 

p§ps b) <Dm&m< m^s^^ < ^ora^^ri-s^fa;^ 
mbtis ztitemmRitu 5 a ^m^s b t commit (5 a/5 b) 

p§P4i) 5 b ^/^ux^ttJ; <9 tiii>sJ[2:^iS:t1-btL5^^4 0©®^, 
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mmm 7 tvx. m 2 8 ^^-r^^^-^M-tSo 

Hl{!iJ4i:« > SKlOlOlfc, /<y7rl (Ti&S) 113, ni 
1102 (#l*«3!Jf 111). 0 3, pi^t y T^SiA^S (Hi 

©^fc&^MIfflcflMrt© 1 J!) 1 0 4 a , SSEffiJh-^ ^^Ji 1 0-5 a , p 

ftijsio6 a> pmmffiteWcm 1 0 6, p-flaa:/-** hjii o 7&;9ijbl-c§& 

1 tftifcD* 0 2 8DKl;^-f-£ -Hll® 1 5 0 — 1 5 4 fclbftV>* $ T?* 

b^^^WMiMl 0 5 b <JBP«|54 1) £?MU ^MSttl7 
2<D^ttK:^U, *^fr£3§ft£B<D$»fa (A-A ' fcfclfiitfcjfrfcl) 

m*§£& i 0.5 b *m-fz> 0 mmMMtovmiz, mmmi tmm^. ^3 R m 
^v^x, wj4i:i^ti-, nmm i o 2 %$*mm£"£x, nmj&f&m 

10 2s niMl^I 102s, p flflftffi^fifcffi 1 0 7 s ^ 

n-^tb^"— ? 3'^jfl£>nfl!lfl&ffi 1 2 1 , pfl|ftil20a*^t5 o r©^ 
^J£0iJ4 t^^«3> ptiilSSl 2 0alt ^^^M^Srff^b, Ky 
(D^%U 1 4 0 tffe^fflicm&IZtitcMftt U JCtcniBflM^AJc© 

io2s *(ta**fcr ifci o^/astLfcpftlJl, ittliHiSojgfifpi 5 

0-15 4 Kite, *:OJ3»K:?&oT. ftJBMttlffi 1 7 2 3&SRttfe;jT, N 
J3£HB&m 7 2 <2fW^&^ Kjx hJR0>#3feSlWK1tS*x&Jg 
JKti"5o Ttefrh. tmti:Q , t*i s «ffi©JS»ffii5 0~l 5 4 

tiPtSlo^ l 4 oSrRtffi!:, £T©*litt;8SJi8IMF|Jt?*&^£ 
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iftftD, pftl^y K«® 1 2 2 tf>i£T©fit^^ 

V^^I^IH^ §£}fc§|5 14 0, II^12 0a«^5„ £fe. 5 
y ^^©nflUttffil 2 1tt, HI 2 8Atiti 5 m&SMW 1 50~15 

4 SrgBtf J; 5 l-^-f-^o *lfc0!l4 fcJ*fc«K ®2 8B, Dl^-fJ:? 

pflB^y hSSl 2 2 0i£T^t>, m»SgPlih^ 10 5a £: ®S?ciIi§gtf 1 0 

5. ^jfe^j4(cjt ut, pmm&i 20 a {d^^nketiaj i 7 2^sm 

mW »w jE A — # s B* ^ b Hfc^Tt KlclSV^-C,. n ffill «Si£^FOffi!l® 1 

5 ote&\zhftmmnmnmm&th%- 1 , -r njfeflUKJfc^T, 

i£»©fl9ffil 5 OK:3£v*m*®Sf3s*#< £5fc*, Slloiffii 5 o— 
«G* ( HKfl]:&**:# < & <9 > pMJB^ffifcfcttS&^trbtfs^JfeflU J: 9 t>3B£ 

WtofrbtoWl 5 Ofd-5aOpSJi*Bff^riRl^ejft-t"5Ri**-BrSffilRltcfe9\ 
[*WJ 8 ] 
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il#Jl«if4 0 0 nmOLEDf5'^, Ift5 0 7klif 

V*T\ t^itt, (Sro. 93, Euo.os, Mno. o 2 ) 10 (PO*) 6 C1 2 |£ 
3fe^^ffi^-t~6 0 ^ ^"C, £<&&3te#tt, 3 6 5 nm©J&SK: i <9 &mmw& 
(x, y) = (0. 418, 0. 400) t ft 5 & ^ <Di£3 , 6#:<S>3^& 

y ^y/K^^^m^^fcM^t mi o t^-r £ 5 t^ftiif^*® (hk 

®> Mm, «®) ^I^/Xfi^^®^^^!/— n—^W y^LT, 3 0 0°C 

V2m$$tmi^ &&mmi 0 oj£^y7mmt££t£Mf&i-z>o ^ob# v le 

5i&it#5 0 8 ( V y K) ^-CV-A^bT^Jt-r-5 0 

^^)«t p(CU-r#btbS^3tS«fi, _L?51i:3fc£MS, 2 5 0 ~ 4 3 0 n m(D 
£ <9 , L<ft3 5 0~4 0 0 n niO^^Sbjg £ 

C«M9] 

3tLt, 5 10tttlOOA<DAHI| H ^0. lCAlGaN^bftS 
{Sfi^^rO/^iy^Tjii, 3 nm(DT^ K^^G a bft 5 TiftJl &Jj0J$ b. 
•^cDitC, lOt bT, A 1 o. s G a o. 5 N (Ail 10a) /Tls \?—zf 

OGaN (BilOb) ZlfttVX, ^S(C5^SL, =S-iitf>flJ|J?£;i/ 

(4n) T^-TSo 

^-hf-S^iti bT, ^T{c^-r^^^®-r-5o n^®2<irbr, 
S i K — -?<DA 1 o. os G a o. 9 S N;6> b ft 5 JHfS 2 \i mO n|n^ ^ hM&ftt 
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J&U : £(D±\cm&m 3 t VX, Tls K— 7*0 I no. .G a o. 9 oN«t !? 
J! (5 OA) Si K-/LfcGa Ni!5^5iil ( 1 5 0 A) £35 
It6lfoSIU fic^IIiiTyK-^^Lt, 1 2 00 

A^#S*^#F#3g (MQW) £?MU t©J:tpII12t'U-C, Mg 
K— ^"LfcpMA 1 o. 3 G a o. rN^2 0 0 AT'l^bTc^ V Tm^frMt. 
^©±tMgK-yGaN| (fgl <D^-»¥2»ftJf4) £ 0 . . 1 ju m, -^<D 
JbfcmM^Jf 5 <!: LT, TV K — ~f<DK 1 o. 4 I no. 03G a o. s?N^r0. 1m 
m<Z)^J?:T-M^U, ^^V^tcj; D— lH$£Jf4;^ffiffl1-5^£T|&*b-C\ 
i^l OAm^OPSPgM 1 £b£H\ M^T, m^D^^ji 5S.t/|gp^4 1 <D± 
{%2(Dmfc%9^mfem 6) tUX, Mg K^/^plGaNl^ 
0. 4 fi mrtmmXftZf&ls, ^OitMg ^ 1 X 1 0 " c m~ 3 K-7*Lfc p + 1 

GaN^b^pi^y^^ M^lgi 5 0A-e?f^-rs o 

Mil i 2 ©_k^ s i o 2 /t i o 2 (omnw&mmfrht£z>ELMm* 1 2 ^ m 

<j> -ei?8n§i$4 1 <Dii:_h^^^^ii] cm Ltff^t, ^ <d^U<d mm ^mtJFin 

tk<D P mm (n i /au) &j&f&v s 3E\z&U5 1 &wt?nw#.mmm 2 s ^ 
Rii^n«ti di/AD mux, $ tb\z.z_*hbjEikmmfcmumizm 

^tsrH-e^, H^^n^mt*^*)-/! 1 O^it^^T^^^V^ 

<BfcflS*&¥#fMi 6 ) JtmteX p S!««tt©^*#^Ji«Efc^-J-5 i t &X 
£5„ — 1f*^S:K4E±lc*»fi3?9LfcT^JKOi5*^ 
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WJio] 

twio^- Fm^ti-zmMfflt ut, m 1 Km^xvxTmw-tz> 0 

m, E LOG®, Alo. osGao. 9S 5/ 7 r Jl &ff2j& U 1 3 

i>X%. ELOGSftfc*<D^Pf&lg;^Jite s nIItt.5rHt#, l£fc. 

nSl lit L-T, T%S©-b(-s 4 m m(^S i K — 7° A 1 o . 0 s G a o . 
9 s Ni <9 ft 5 nlny^^ h/f, ^COJhC: 2 5 A COT 7" K — ~?<D K I,, o . 
G a o . s B Nt 2 5 A CD S i K — /LfcG a.N^Hl:2 0 0 0^® 
4fe J f : #SIR«t 0 ft 3 ft B! 7 7 FS, ^ 7 y KJi©Jb»C0 . 1 5 ju mCD 
TV F-T^G a N«k 5 *5nIW KJBSr»J*-T5. 

nil 1 1 ©_b»z: % m*&M 3 £ UT, 14 0 A<D S i K-7° I no . o . G 
a o . 9 s N £ Y) ft S neAEJB ( B ) £ , 5 0 AOJyK — 7° I no . iGao. 
9 Ni^Jl5*Fl (W) ££ x (B) / (W) / (B) / (W) coffin/I U 
"C*^Rl x 1 4 0AO7V K— 7° I no . o 5 G a o : 9 s Ni!) ftSI^HJiSr 
flbt, *MW*&4 7 0A©^fc*^F»3fc (MQW) Sr^-TSo 

^14® 3 (D±.\ZL p MJf 1 2 t Ut, 10 0 A COM g K~ 7° A 1 o . 3 G a o . 
7 N J; V ft§ pM^-^r V Tffl&m, ^£<D±l£0. 1 5 u m<DT is K— 7°G a N J; 
D45p«*^ KJi (llWi{^«l4), -SrOiifclO. l M mCDT7 
K*— 7*A 1 o. 4 I no. 03 Gao. srNi 5 ^51»e^i 5 ?r^L, $J 2 ^m© 
7 h ?<< 7°^C0|liP^4 1 ^WStiMkHM 5 KKtt, ^^Jt^, 2 5 Acojy K 
— 7° A lo. osGao. 9 s N <t 2 5 AcOMg K — 7*G a N £ 9 0 [1] 

m<oMisxmmi.mmo . 4 5 ^ mosste^sis^kfts pnot^s^ 7 

O-kKlJgfifcU -^CD±fz: 1 5 0 AcDMg K^7LfcplG a NtrEMfc LT*? 
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it) tlfc^, |1, 2i**SJiflH©vvj'jh,a^ 5g=U< IM^eotfV KJlSr* 
Hit, ftWiiA&t 3^ y TH3ifcfcSrfe5 ^7 y KJI£Rf*fc&a6B&#3ti: 

»*, nMJi, psis©*®^ Jt*b-Pixnm % piiwu jg.fc, #m 

Hit tt** «9 x -n PlFP 4 1 Rr5«MEJR^»oa:±SrBE 5 ± 5 fciRtt 5„ 

«aa&^f«*Sfe^-t>, ^-ftLO*|feT»t,A< % *««®Sr^U-C, 

-Til ntBS^^®»ai^tJ: N :=v^.:^*8ffi-e#S#ffi$rjgj*U SMI 
tU, S i Oa iTiOa a>k&£«*##«K£tti4*<l!k KJfl&HORW-S. 

ram*, mSE^^JIlc. b 7>r ^©gHpau l ic j: 9 
* h 7 4 ^W<Dm%imftmbf MS4 O 5 nmOU-flfi/iS, 
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S iN, BN, S i C N A 1 N0rtO'>4< £ & — ItMtS: <b U 
<* ^OtnZr, H f ©it-ft^ BNx SiC^ffiV^ii»^$L 

11] 

*B<Z>fe*B<0*##fi 2 0 a) 19 6fcKlSspfT*j)MF|Jl 9 4AiS, H 

120a ©iSTictea u mn^o &n 194 Aomni^mw p&oripb 
tmv< &s i 5 {cu-c. 3&3te«ay®«*»b8WFUi.9 4A^iiti 2 0 at 

*^f±, &m&ttfa\z.fe5mn 1 9 4Aias^ 5 mu^^usji, je 

^^01^19 48, C<Drt N -M^^V«tt5i:, **B 1 9 4 R: 
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ft 3fc (D 4& H 

3. iEt3©gf»^i^Al,I nrGai-.-^N (0<x<l, 0< 
y<ls x + y^l) ^Sr#^i:-r5lf*^2i2<fe(Om^^#: 

4. itmSWIl l 0£@ifjl2<^;3E©t iufBJI 1 aSmSji;^ 1 
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9. mmm i wnw.m<D-u&mm£ fix mmmmzn., m i mmmmcDm 
mcommtK mn»mmm<o— z. t xm-f bthtcmm&m%. 

1 1. m&L<D±\z:, mim*m<omm¥mftm&#-t?>mimnMmks m 
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13. mmf£2mnMm<D±\z.. ftutmi<DmmtM^m\^m^.^thx 

14. &£B£p nm-kw^me^mK mmmmm^mnu^nmvtcj^ 
3 w.m<vmkm*m>Vf&%m* 0 

15. ltfr!B^3 O^-fb^^^ffcJiaSA 1 x I n y G a x-,- y N (0 < x< 1 , 0 
<y<l, x + y^l) ;6>bft5^ t Zmmt-tZm&mi 4f3«^»^^^¥ 

i 6. t^^fB^p^^ ; ^t^{t^tbTv^^r i^#^^-r^lt>itili 5tfi«feco 

1 s. mmammm<Dft, mimmmm^mmm^m^^tLti^^^ 
i9. TttifEp nm&m^omn&tmi <Dmm<Dmz-&\<^x, mi(vmm<D 

2 0. SfrlEiaPfPO^Oloiei^UT. KHnffiolfe&ttftOflUfttcKglS 
i-*I»3fc9Ci sfBttofcfbfc^fr***?-. 

ttm^^tu-ci^:: t*mwk-irz>m^2 oi&m<omm^mw^%m 
22. mmmnm>M^ijm^^'^, mmmi <vnm<D&tj:< th-^K 
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22. &&<D±i^ mimmm.(Dmtm^mwm^m^^mi mmmmt, m 
&mt, 1 1 its i § ^ 2 iti©i i ©sft^^fti t ^ g 2 

mmn2mnmmi>K mi <Dmkm^fcmv>±\z., %2(om^^wm 

io m&m2mmmm<D±\z s M^tmi(ommtMu^^m^^ti^ 

mmms (omt^o^m^m^, Ai.inyGai-.-yN (o< x <i\ o< y < 

2 3. mmmi (vmrn^mwrn, mv< 2 <Dm4kva*m&mi>K tuts 

m^(Om^^^PfM<OK 1 x I n y G a l.^NJ; Ill McDMf&yumWc 

15 &&^^mkm*ww-*^-rz>- t%¥?mk-rz>m?km2 2mm<Dmim*m 

25. 1 1 illolfki^l t5f 1 t , 

20 m&mt, mimmmtmtezm2mmm<Dmi<Dmibm*Mt$m*fti-zm 

Mf3^2^mMs^^ ^1 ^^#»^^ii^)_h^, m 2 (Dm^m^mw-m 
tmz, mm 1 vmm^fcm tm 2 <Dmb®*m&m t (om^^ 

26. s^^>±(c N ^l^mM^^^^^M^w-rsmi^w^iii, 
^tts mi mmm ^^512 mmn^ j& 1 <Dmm*m<&m z^-t z> m 
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thorns (omtm^mwmifi, »2j»«a©^tt»«r*u wt2m2^M» 

SI 2 SS 2 J»msio^#li*»«*s 1 X 1 0 18 c m- 3 ^_b-e 

15 fc5 r t t tStfti**^^. 

©gte^ilMWifcttA 1 ^ttaM^v^lb^lMWf HcW^A 1 m 
25 ' :^#SJ:t5gW^»„ 

29. 3&ig<0_LK:, ni*mm<D&tm**ftm*:mir&$isii*nmmbs 
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3 0. iiulB3!3<DM{fc^¥^#/Itf^ ^l^m^(7)^F»^^a^^VN- 

3 1. fu1Ejg3 £>&<ffc;*fe*MI#Sa S x A 1 x I n y Ga t-x-yN ( 0< x < 1, 
0<y<l, x + y^l) T'fc5itMtf5it«2 5M2 9'©^f 

3 2 . iuiBm i oft^«^i»ftEjR % t L<tt^2 (D.mkm^mfcmtK mm 

f3(Dl«»i0A 1 x I n y G a *-*-yN«fc »J fc % I I I &ro#j&rc*& 

u>ta»jKi&fe*-fas»aD»3teaii. — - wf-c&s n £ ^^mii-^ft^ 2275 
35. ISiMIt, ^ 1 1*1 ^tt 5f 1 *tSI t , 
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3 6 . mm±m±K, m i *«McD^%^#ji 6ii i tmss £ , 

»ti!blfl2:©#JMfceL< ttflto©#/83a©3Ffaa^ ff)IS^^(D*^(^^M 

&H£« £ , ft i *¥it§y tmftzm2 mmm<om 1 ^tts^ 

«J££ilBfc©a£JMM£L< ttibas0>*j*3a©;fr6jrtS, KrtBJft*iSOE^I^^lfc« 

3 8. tfnemwpfcfiriflfc ©#jm*3£l< ttiaaiso«ij*3a©*-i^as, svmeu 

^5 2 0^±©^^ff§;^ ^4#!t£-r§ft*^3 5M37 (DV^-ftL^ 

4i. t6fBfti©^b^¥#^Ji£ft2©^<b«)^*#:iS£wwt-. Mnfts 

Sr^ % ft3<Dg«i¥^#Uf £^tP@^^;f lWrlBfft«SttTfcm«E 
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m^m<DmQn&mF$.£tiT^zzk&(&mtTzm&m3 5nm3 kd^-t 
42. mizmimmmm<n-mmm£nx\,^z tzwmt-rzm&ms 5 

4 3. mjIBft^^l, 1 0, 1 1, 2 2, 2 5~2 9 n^^S^S-ft 
^©^•^^ h;W-§|5ir»?)MSt tT, Mg, Ca, Ba, Sr, 

z batons lm't^Mx^m^n^^mts HMn, Fe, 

C r s S n ;&> ^ilJR. ^5. 1 «£^t?M' "T^ft* £*L37U* t &^~tZ> E u T:*^ 

44. mmT/u* v ±m&m^vf>'Ts<?-( bMftfctK (Mlx-vEuxM' y ) 

io (POO *Q2X*m£tlZ>W;%:fc (fcfcU MliMg, Ca, Ba. Sr, Zn 
^kjg$R£*L54>ft < £ lSi, M' ttMn. Fe. Cr. S n 3> ?>3l*K £ tL5 
£ t> lit, Qfi^n^^TcjfKOFx CK Br, I a>fe3g&£;h,54>fc 
<HHt?:tt5o 0. 000 1^x^0. 5, 0. OOOlgy^O. 5 
T?$> 3 ) " T? fc S r. t h I" 5 f#5K*H 4 3 fclB«£>35tt^1fto 

4 5 . tfrK^Wf****-?*^©^*^* h/W>^< i fc— Sfl£PJ&i& 

^6*»Oiatt««#»*tfe*LTv^*c:t^#l»ti-sit^«i.- io, li, 

2 2, 2 5-2 9 (50 n*»KllB«©ft{b»¥*flc3»3fe*-TF- 

47. tufHagpoga^taoip^ffi^twit (daasffifln / mumffl) 
4 8 . tWBiH!aif&0>#fft5a:£ l < tt»*3»oaE**tt 5 ©rail fc 19 ©ft $ 
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